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Chapter 1 
INTRODUCTION 


1.1 Survey of DI1/69% series 


The DT1769 series are advanced, standardized, low cost data 
acquisistion systems designed for users of the Digital Equipment Corporation 
LSI-11 micro-computer series. These data acquisition systems are on standard 
quad-size boards that plug into the LSI-11, PDP-11/23 or Heath H11 backplanes. 


The DT1/62 data acquisition system can process up to 64 channels of 
analog data at a throughput rate of 25,009 channels per second. Throughput 
rates of 190,099 channels per second are also available. The DT1/64 offers 
the sameanalog input capability as the DT1762 but accepts wide range signal 
inputs down to 3uV resolution. The DT1/61 analog input/output system offers 
16 single ended A/D input channels and 2 D/A output channels - each D/A 
with a power amplifier output for driving industrial loads. The DT1/65 offers 
the analog I/0 capability of the DT1/61 but accepts wide range A/D inputs 
down to 3uV resolution. A complete DMA (Direct Memory Access) interface is 
available on all models. 


These systems contain several standard features that are usually 
found only in much higher priced systems. Included as standard are acquisition 
Of data on an external event and a complete data acquisition system containing 
a fully protected input analog multiplexer, sample/hold amplifier, and an 
analog-to-digital converter. The entire system is powered from the computer 
+ 5 volt power supply through a highly isolated DC-DC converter contained on 
the interface system. Full interrupt control and optional DMA interface 
provide the user with full system compatibility under RT-11 and RSX-11 
operating system environments. 
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1.2 Product Line 


The DT1769 series product line encompasses a wide range of analog 
requirements. Members of this series include the following interfaces: 


p TYPE | MODEL DESCRIPTION | 


(Types of outputs, number 
of input channels) 


8 DI or 16 SE 
16 DI, 32 DI, 32 SE, or 64 SE 
with on-board expander module 


High Level Analog 


Input Systems 


8 DI or 16 SE | 
16 DI, 32 DI 32 SE, or 64 SE 
with on-board expander module 
Range 1QmV to 190 volts 


Wide Range Analog. 


Input Systems 


DT1761 8 DI or 16 SE | 
2 D/A with point plotting 


capability 


High Level Analog 


I/O Systems 


Wide Range Analog DT 1765 8 DI or 16SE 
Range 1@mV to 19 volts 
I/O Systems 2 D/A with point plotting 
capability 


Note: ALL UNITS ARE 12 BIT RESOLUTION. 


1,3 OPTIONS 


~All Models 


- SE Single ended input © 
- ODI differential input - 
- 8, - 16 number of input channels - 
~ FD diagnostic software on Floppy diskette re 
Daper tape 
- DMA DMA hardware 
Models DT1761 
DT1762 
- PG programmable gain amplifier ~ 
- C 100 KHZ A/D throughput 
- A 125 KHZ A/D throughput 
- M- 1-5V input (4-20 mA) 
Models DT 1764 
DT 1765 
- R precision resistor kit included 
Models DT1762 
DT1764 


-16, -32, -64 Number of input channels 


Models DT1761 
DT1765 
- 0 Analog Output only 


(no A/D input) 


Cables Order DT186916-2 cable assembly for a 10 foot ribbon cable 
) with connector. Mates with DT1/76@ series, 


One used for Models DT1761 and DT1765, Models prance and 
DT1764 require 2. 
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Chapter 2 


ANALOG INPUT SPECIFICATIONS 


2.1 Explanation of Input Types 

Data Translation offers the user three distinct types of anaes 
inputs. High level systems are available where the input range can be 
selected to be 0-5V, +5V, Q-1PV, or +1QV (optional programmable gain ampli- 
fier extends dynamic range of system | to 14 bits). The wide range input | 
— systems offer user-selectable gain, allowing input ranges from 1pmvV full 
scale to 1fV full scale, depending on the choice of a single external gain 
resistor. Finally, 1-5 Volt (4-2mA) inputs are provided for industrial 
loop control applications (requires customer installation of a resistor for 
each channel - see section 2.5). 


The customer must select one of these three input types at the time 
of purchase. It is not possible to field-change the input type (although 
units may be returned to factory for such a change on special arrangement). 


2.2 High Level Analog Input Specifications: 
(models DT1761 and DT1762) 
NUMBER OF CHANNELS: DT1761 8 DI or 16 SE with 2 D/A channels 


DT1762 8, 16, or 32 DI channels 
16, 32, or 64 SE channels 


MUX INPUT CHARACTERISTICS Break before Make on new channel selection 
+ 35 volts overvoltage protection 


INPUT IMPEDANCE: 199 megohms in "OFF" or "ON" position 
of multiplexer 
A/D CONVERTER RESOLUTION: 12 bits binary weighted 
CODING: Straight binary,offset binary, or 2's 
complement, jumper selectable. 
RANGES: to 5 volts, + 5 volts, @ to 19 volts, 
or + 1 volts. All jumper selectable. 
PERFORMANCE: 
a. Gain Error Adjustable to zero 
b. Offset Error Adjustable to zero 
c. Linearity + 35 LSB 
d. Accuracy + §.93% FSR 
e. Stability + 25 ppm/°C FSR 
f. Throughput 35 KHz Standard 


199 KHz Option "C" 
125 KHZ Option "A" 


Note: ALL HIGH LEVEL ANALOG INPUT INTERFACES MUST BE ORDERED AS SE OR DI. 
THEY ARE NOT FIELD SELECTABLE. 
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2.3 Wide Range Analoa Input Specifications: 
(models DT1764 and DT1765) 


NUMBER OF CHANNELS: 


MUX INPUT CHARACTERISTICS: 


INPUT IMPEDANCE: 
BIAS CURRENT: 


A/D CONVERTER RESOLUTION: 
CODING 


RANGE: 


PERFORMANCE: 
-a. Gain Error 


Offset Error 
Linearity 


Stability 


b 
c 
d. Accuracy 
e 
f. Throughput 


DT1764 8, 16, or 32 DI channels 
16, 32, or 64 SE channels 
DT1765 8DI, or 16 SE with 2 D/A channels 


Inputs are protected to + 15 volts 
non-destructive. ' 


190 megohms // 19 pf "OFF" 
199 megohms // 62 pf = "ON" 


2MnA @ + 259C. 
50nA @ + 759°C. 


12 bits binary weighted 


Straight binary, offset binary, 
or 2's complement,jumper selectable. 


2 to lfmV, @ to 1PV (or +1PmV, +1PV) 
These ranges represent the minimum 
and maximum input ranges. The full 
spectrum of intermediate ranges is 
given in table 2-1. All ranges are 
selected via a single resistor and 
timing capacitor on the interface. 


Adjustable to zero 

Adjustable to zero 

4, LSB 

+ 9.93% FSR @ gain equal to 1 
+ 32 ppm /°C 


31 KHz @ a gain of 1 to 1. For 
higher gains with corresponding 
throughput rates see table m. 


+ |+ 


Note: ALL WIDE RANGE ANALOG INPUT INTERFACES CAN BE FIELD CONFIGURED TO 
BE SE OR DI BY THE USER VIA JUMPERS PROVIDED ON THE INTERFACE BOARD. 
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2.4 Instrumentation Amplifier | 
The wide range interface systems (models DT1764 and DT1765) have 


an on-board high-precision variable gain instrumentation amplifier. As the 
gain of the amplifier is increased, the time allowed for settling of the 
multiplexer, sample/hold and amplifier must also be increased. The gain 
(and hence the input range) is set with the use of an external gain resistor 
(Rg). The time allowed for settling is set by an external capacitor (C;). 
If neither of these two parts (R, and C,) are installed, the instrumentation 
amplifier will operate at a gain~of 1 (representing a Q-1PV or +19V input 
range) and the proper settling time will be allowed. To select the gain 
required and the value of the gain resistor, the following formulas are 
useful: (the gain resistor must be a precision resistor with +9.92% 
tolerance) 7 


3 
6=7 1pv - 14+ 20 x 1g 
Input range desired g 


Xoo aetath-onemaeall 


ay = 2Q x ip? (for a gain of 1, no resistor 
g G-1 is required) 


The following table illustrates the values of Rg and Cy required 
for various gains and amplifier settling times. It should be noted that the 
total throughput time is the time required for amplifier settling plus the 
2MuSEC required for the A/D conversion. 


INPUT RANGE GAIN AMP SETTLING | SYSTEM THROUGHPUT 
T ACCURACY (SAMPLES/SECOND 


eee ees IME 

+ 16 mV 3.7 KHz 

+ 25 mV 7.1 KHz 

52 mV - 11.1 KHz 

190 mV | | 16.75 KHz 
1 volt 31. KHz 

2.5 volts | 31.0 KHz 

5.9 volts 31.0 KHz 

10.2 volts ~ 31.0 KHz 


= 
ry 
- 
7 
z 


Note: Throughput time = Amplifier Settling time + A/D conversion time (29 uSEC) 
1 


Throughput =.7-oughput time 


Table 2-1 


2-3 


2.5 4-2fmA Analog Input Option 

Data Translation analog input systems can be configured for 4-2fmA 
loop control Anputs. This is accomplished by ordering the 1-5V input option 
(models DT1761 and DT1762 only). The user must provide a 259 ohm resistor 
to convert the 4-2fmA input to a 1-5 volt signal. This resistor should be 
a precision resistor with a + 0.02% tolerance. All 1-5 volt inputs are 
supplied in the differential configuration. The 4-2%mA input option-may 
only be factory-installed - it may not be field-applied. 


) 
| 
| 

DT1761 

| DT 1762 
| 
e 

) L\ 
{ 
User | 
| Supplied 250; 
4-20-mA Precision ohm 1-5 Volt 


Input resistor 


NOTE: 


differential input 


Oy 


es en 


V 


Vom (common mode voltage) should be < 0.1V 


SAMPLE 4-20 MA INPUT CODES 


ADDBR 


OCTAL 
1777 
7776 
7775 
7773 
7767 
7757 
7737 
7677 
7577 
7377 
6777 
5777 
3777 
1777 
0777 
377 


S 


9177 
PP77 
0237 
9917 
OD07 
POD3 
P60 
DODD 


BINARY 
111111111111 
111111111110 
111111111101 
111111111911 
111111119111 
111111191111 
111111911111 
111119111111 
111191111111 

111911111111 

119111111111 
191111111111 
911111111111 
991111111111 


$£9111111111 
$09011111111 
$02921111111 
029000111111 
PPPPPPH11111 
PPPP20P01111 
PPPPPPPPP111 
PPPPPPPPPH11 
PPDODDOPAOD1 
POOOPOODP DLP 


Vin 
1.0900 | 
1.0019 
1.992) 
1.9939 
1.9978 


4. PODmA 
4.994mA 
4. 298mA 
4.915mA 
4.931mA 
1.9156 | 4.062mA 
1.9313 | 4.125mA 
1.9625 4.25 0mA 


1.1259 | 4.500mA 


ory 
woud o 
a 


1.2500 | 5.Q20mA 
1.5900 | 6. 009m 
2.9900 | 8.929mA 
3.9000 | 12. 999m 
4.9900 | 16.990mA 


4.5900 | 18. 000mA 


4.7509 | 19. 920mA 
4.87/59 


19. 500mA 
4.9375 | 19.750mA 
4,9688 | 19.875mA 
4.9844 | 19.938mA 
4,9922 | 19.969mA 


4.9961 


19.984mA | 


4.9989 | 19.992mA 


4.9999 | 19.996mA 


Chapter 3 
ANALOG OUTPUT SPECIFICATIONS 


3.1] Dual Channel D/A Snecifications 


The DT1761 and DT1765 offer the user a sophisticated dual channel D/A 
Converter. The converter and its associated interface circuitry simplify a 
number of control tasks. A complete guide to the use of the analoo output 
circuitry is given in Chapter 5. 


RESOLUTION: | 12 bit binary weichted 
LINEARITY: + & LSB 
RANGES : Q to 19 volts, + 1M volts; @ 25 mA minimum 
output current, all ranges jumper selectable 
RELATIVE ACCURACY: + 9.925% 
SETTLING TIME: 0.1% in 1 uS, 9.91% in 3 uS driven into 
50 ft. coaxial cable terminated with 
479 ohms. 
TEMPERATURE COEFFICIENT: 25 ppm/°C. 
Z AXIS CONTROL: The DT1761 and DT1/765 contain all the 


control circuitry for Z axis and scope 
control mode bits. 


Z QUTPUT (INTENSIFY): TTL compatable pulse driven into 5% ohm 
termination. Normally LOW (max. 9.8 volts), 
generates HIGH (min. 2.4 volts) pulse 
on intensify. 


Z RISETIME: 129 nS into 5% ft. of coaxial cable 
terminated with 472 ohms. 


Z PULSE WIDTH: 0.5 uS or 5 uS jumper selectable. 
External capacitor supplied by the user 
can lengthen the pulse width from 9.2 uS 
to 1Pf uS. 


SET-UP DELAY: 3 uS or /7f uS jumper selectable. Exter- 
| nal capacitor supplied by the user can 
lengthen the delay from 1 uS to 9.5 mS. 


GAIN & OFFSET: Both outputs adjustable with external pot. 


MODE BITS: | Two input bits are decoded to faur mode 
control output lines. The output lines 
are LOW true and can drive up to if 
standard TTL loads (consult Chapter 5 
for application information). 
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Chapter 4 
COMPUTER INTERFACE REGISTERS 


4, Introduction 


The interface registers of the DT176Q series data acquisition systems 
are designed to meet the requirements of standard DEC PDP-11] interfaces. As 
such, they are structured around a Control and Status register for complete 
software control of the interface. The registers are standardized, providing 
a common register set among the entire series. This chapter describes in 
detail the bit definitions of this register set. 


4.2 Summary of Registers 


The following is a brief summary of the registers common to the DT1/69 
series interfaces. The term "BASE" refers to the device address (see Chapter 6). 


| 
| 
| 


A/D aaa Register R/W, byte addressable 


(ADCSR all models 


A/D Data Buffer Reaister | BASE + 2 Read only, word addressable 
(ADDBR) all models 

D/A Data Buffer Register BASE + 2 
(DACDBR) | 

DMA Word Count Recister BASE + 4 
( DMWCR ) 

DMA Current Address Register BASE + 6 | 
(DMCAR) 


Write only, word addressable 
DT1761 and DT1765 only 


R/W, word addressable 
DMA option only, all models 


R/W, word addressable 
DMA option only, all models 
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4.3 Detailed Register Description 


The following sections describe the interface reaisters in detail. 


Control - Status Register Base address 
ADCSR 


Z (DT1761/DT 
7 ( /DT1765 only) 


DO oie BOBgeo 
ERROR Multiplexer ADDRESS | INT RTC 651 650 DMA 
: ENB ENB 


ENB 
INC MODE | A/D DONE EXT TRIG A/D START 
ENB 


Upper Byte (loading this byte will trigger a conversion - see section 5.1) 
ERROR bit (bit 15) READ/WRITE TO ZERO 


This bit indicates an error condition on the board when set. 
The following error conditions will set this bit: 


@ an attempt to start a new conversion during the 

multiplexer settling interval. This can be due 

to external inputs (external trigger or Real Time 

Clock inputs) or program attempts to start a 

conversion. 

Note: Selecting Ext. trigger or RTC trigger modes with 
the respective input floating (not tied to a 
digital high or digital low) can generate this 
error. 


@ an attempt to start a new conversion while a previous 
conversion was still in progress. This error can be 
generated in all triggering modes. 


@ a read of the A/D data register while a previous 
conversion was still in progress. Invalid data will 
be read if this is done, hence the error indication. 


This bit may be cleared in two different ways. The backplane 
INIT signal (generated by power-up or execution of a RESET 
instruction) will clear this bit, as will writing a zero 
into this bit position. (example: CLR @ADCSR 
MOV #0, @#ADCSR 

note that either of these two examples 

will reset the error bit but will also 

start a new conversion by loading an address 

into the upper byte of the CSR) 
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INC MODE (bit 14) READ/WRITE 


When this bit is set the A/D converter is placed in 
increment mode. When in this mode, every start 
conversion command will increment the multiplexer 

address automatically. Thus, the program can sample 
channels sequentially without the requirement of a 
software m intained channel address counter. The 
multiplexer address is incremented before the conversion | 
is initiated. This means that if the multiplexer address 
is read back upon completion of a conversion initiated 
under increment mode the address bits will indicate the 
channel address from which the waiting data was obtained. 
Increment mode can be used under all triggering 

modes. See Chapter 5 for information on how to utilize 
increment mode. The bit can be set and reset under program 
control, and is cleared by the INIT sianal. 


Z (bit 13) READ ONLY (DT1761/DT1765 only) 


This bit is internally connected to the Z axis intensify 
output of the DT212 dual DAC module. During a ¢ axis 
intensify pulse this bit will read as a one. 


MUX ADDRESS (bits 8-13  READ/WRITE 


These six bits provide the means for addressing up to 
64 analog input channels. On the DT1762 and DT1/64, 
all six of these bits are used to address the input 
channel desired. On the DT1/61 and DT1/65, only the 
low order 4 bits (bits 8-11) of this field are required 
to address the maximum of 16 analog input channels 
available on these models. CSR bit 12 becomes a read- 
only bit, always reading as a zero. CSR bit 13 1s 
utilized differently - See description of Z bit above. 


The multiplexer address bits are read/write bits. 
Whenever a new address is written into these bit 
positions, a conversion is automatically initiated on 
that channel. Thus, any operation that writes into the 
upper byte of the CSR will start a new conversion. See 
Chapter 5 for information on how to utilize this feature 
to best advantage. Whenever a conversion is completed, 

a read of the multiplexer address will always indicate © 
the channel from which the waiting A/D data was obtained. 
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Lower Byte 
A/D DONE (bit 7) READ ONLY 


INT ENB 


RTC ENB 


EXTTRIG 


This bit is set when the A/D module signals that the 

End of Conversion (EOC) has occurred. The bit remains 
set until the A/D data is read, at which time the bit is 
cleared. Thus, the A/D done bit indicates that valid 
data is available to the program. This bit is also 
cleared by the INIT signal. 


(bit 6) READ/WRITE 
This bit when set enables interrupts to be generated upon 
either the A/D DONE bit or the ERROR bit becoming set. 
The A/D done and the error interrupts use the same 
interrupt vector (see Chapter 6 for information on setting 
the interrupt vector). This bit can be set and reset under 
program control, and is cleared by the INIT signal. 


(bit 5) READ/WRITE 
This bit when set enables the A/D converter to be triaqgered 
from the Real Time Clock input on connector Jl. If a Real 
Time Clock is connected to the RTC input, the user may then 
control the converter through the Real Time Clock. This can 
be set and reset under program control, and is cleared by the 
INIT signal. 


ENB (bit 4) READ/WRITE 

dThis bit is similar in operation to the RTC ENB bit but instead 
allows the A/D converter to be triggered by the External 
Trigger input. This bit can be set and reset under program 
control and is cleared by the INIT signal. 


GAIN SELECT (bits 2-3) READ/WRITE 
GS1_ bit 3 
GSO bit 2 


These bits function only on boards: equipped with the programmable 
gain option. With the option installed, these bits control the 
gain of the switch gain amplifier and thus the gain of the con- 
verter. The gain can be selected according to the followina 


table: 


as, 


The gain bits can be set and reset under program control, 
and are cleared by the INIT signal.. 
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DMA ENB (bit 1) READ/WRITE 

This bit controls the operation of the Direct Memory 
Acess (DMA) option if installed. On boards with the 
DMA option, setting this bit instructs the board to 
transfer A/D data directly into memory using DMA. 
Before setting this bit the two DMA registers should 
be set correctly with the transfer parameters. See 
Chapter 5 for information on using this very useful 
option. The DMA ENB bit can be set and reset under | 
program control. It is automatically cleared when 
the given transfer is complete. It is also cleared 
by the INIT signal. 


A/D Start (bit p) WRITE ONLY 
This bit 7s a write only bit and will always read 
back as a zero. Writing into the CSR with this 
bit set will initiate a conversion. See Chapter 5 
for information on triggering conversions. 


A/D Data Buffer Register Base address + 2 
ADDBR READ ONLY This register is not byte-addressable. 
This location will return the A/D data as follows when 
read: 
febafedepa lett fete tep stats |e 
P not used * | MSB , A/D DATA 8 
> Sa een Li eee See 
D/A Data Buffer Register Base address + 2 
DACDBR WRITE ONLY This register is not byte-addressable 


13 }12) 


Fs EE) ed ca 


( 


X-Y ‘MODE | MSB DAC DATA LSB 
SEL 1 Q 
Z 
INTENSIFY 


*T':ose bits are not criven on the bus by the interface, thus 
tiey are indetorminate. 
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X-Y | (bit 15) 
When set DAC data is loaded into Y-DAC 
When clear DAC data is loaded into X-DAC 


Z INTENSIFY (bit 14) 
When set will trigger a Z-axis intensify output. 
MODE (bits 13-12) 


These two bits are decoded to produce four digital . 
outputs according to the following table: 


MODE MODE § Connector Pin 
1 O 143 45 47 49 


DAC DATA (bits 11-9) 
Twelve bits of DAC data. 


DMA option registers 


When the DMA option is installed, the following registers have 
meaning. | 


DMA Word Count BASE address + 4 
DMWCR This register is not byte-addressable. 


FE a ENE EN ea CD ED ES 


| not used WORD COUNT DATA : 
: 3 


The word count register is a 12 bit counter/ register 

which determines the number of transfers that will 

occur. The register is loaded with the one's complement 

of the desired transfer count. This register is incremented 
after every transfer. When the transfer is completed 
an End of Range (EOR) interrupt will be generated. for 
a complete description of DMA operation, see Chapter 5. 

Upon readback of this register, the upper four bits of this 
register are indeterminate. The low order 12 bits can be 
set and reset under program control, and are also modified by 
the DMA logic as the transfer progresses. 
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DMA Current Address Register Base address +6 
DMCAR This register is not byte- 
addressable 


as} ufasfiz{ufw]s[et7[e[s]s[aTeq[e 


: CURRENT ADDRESS , 
di ointnerenioninisisdcrmisiantininaninnanciineacitehnocent Riaboniseil 


The current address register is used to supply 

the actual memory location where data is to be 
transferred. Before initiating a DMA transfer 
this register is loaded with the first location 
of the memory block to be filled. The register 

is incremented by the DMA logic after every 

word transferred. Due to the fact that the A/D 
data is 12 bits in length, a complete PDP-11 word 
is transferred for every conversion. The user 
program may write either even or odd addresses into 
this register, but the logic will strip bit @ and 
Start its transfer at an even address. Upon read- 
back of this register, bit @ will be indetermin- 
ate. The 15 bits of this register may be set and 
reset under program control, and are also modified 
by the DMA logic. 
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Chapter 5 
OPERATION AND PROGRAMMING 


5.1 Triggering Modes 
There are several means of initiating an A/D conversion on 


the DT176@ series, giving the user great flexibility. The following 
conditions will trigger the start of an A/D conversiun: 


A. Loading a Multiplexer Channel Address (upper byte of ADCSR) 
Whenever a new channel address ia loaded, the board will auto- 
matically initiate a conversion after the multiplexer has 
settled. A new address may be loaded in several ways: 


MOVB #channel, @#ADCSR+1; loads channel address in upper 

; byte of ADCSR, starts conversion 
loads an entire new CSR 
clears ADCSR, starts conversion 
on channel zero. 
clears only channel address, starts 
conversion on channel zero. 


MOV #csr,@#ADCSR 
CLR @#ADCSR 


CLRB @#ADCSR+1 


we we we we we w 


If the user desires to start a conversion without loading a new 
channel address, the program should use a variation of (B), below. 


B. Setting bit @ (A/D START) of ADCSR 
This technique can be applied in several ways: 


MOVB #101, @#ADCSR. 3; enable interrupts, start conversion, 
; but do not load new channel 
MOV #101, @#ADCSR ; enable interrupts, start conversion 
; on channel zero 
(Note that the last example is equivalent to 
MOV #120, @#ADCSR due to (A), above) 


To start a conversion without changing any of the parameters 
already loaded into ADCSR, use 


INCB @#ADCSR 


This sets the start bit without modifying any other bits in 

the CSR and without loading a channel address. If INC were 

to be used instead of INCB, the upper byte of ADCSR would be 
read and reloaded during the execution of the INC instruction. 
Under some conditions this may cause an error. Consequently, 
the use of INC is discouraged and INCB is recommended. 
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C. Real Time Clock input when RTC ENB bit is set, and 
External Irigger input when EXTTRIG ENB bit is set. 


When the RTC ENB bit is set, the operation of the converter is under the 
control of the Real Time Clock input, a TTL compatible input. The trailing 
edge of this input will switch the analog sample and hold to hold, 
initiating u conversion. A typical application of this input would be to 
connect a waveform to the Real Time Clock, triggering the RTC at a certain 
threshold level. After a programmed time interval, the RTC would then 
generate a pulse to trigger the A/D converter. (Note: ‘the pulse output of the 
DEC KWV11A is too narrow to be used directly.) 


Delayed Trigger Application: 


| : RTC 
RTC RTC Triggered 


Voltage Triggered Triggered 


Threshold —) Facade cca eee 


Programmed Delay : Time > 


RTC output 

(A/D triggered on trailing — 

edae) 
Another application that is perhaps more common is utilizing the RTC | 
to generate a software controlled clock. If the A/D converter is triggered 
by this controlled frequency clock, an incoming analog waveform can be 
digitized to any desired degree of accuracy (limited only by the sampling 
frequency and the A/D throughput). Digital filters are greatly simplified 
using this combination of the RTC and an A/D converter. 


Digital Filter Application: 


Voltage 


m=. ee} & 2B ee ad 


| 
| 
| 
| 


— — a wom — -_ 


| 
| 
| 
| 
| 


| | | f ; 
- Time> 
\ t ‘ ‘ 1 


RTC Output | 
(A/D triggered on 
trailing edge) | 


For further information about the Real Time Clock, consult the User 
Manual for the Data Translation model DT2769, a dual-width LSI-11 
interface providing complete compatability with DEC's KWV11-A option. 
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The EXTTRIG ENB bit and the EXTERNAL TRIGGER input function in an identical 


manner to the RTC input and enable bit. 


The purpose of the TTL compatible 


external trigger input is to provide the user with yet another means of 


triggering the converter. 


A typical application of the external trigger 
input is to*synchronize the converter with some external event (s). 


If an RIC 


board is available in the system, the Schmitt Trigger inputs of the RIC may 
be used to detect a preset threshold voltage and immediately issue a TTL 


trigger to the A/D converter. 


Before enabling RTC or external trigger mode the user program must set up the 


channel address parameters on 
mode if desired). Setting up 
an A/D conversion, as loading 
the board has been instructed 
the EXTTRIG ENB bit should be 
appropriate (such as the gain 


the board (selecting the channel and sequential 
these parameters generally requires performina 
a new address will start a conversion. Once 
as to the proper channels, the RIC ENB bit or 
set, along with any other mode bits that are 


setting, interrupt enable, DMA enable, etc. as 


desired). 
For RTC mode: 


MOVB #40,@#ADCSR 3; set RTC bit, clear other bits 

MOVB #149,@#ADCSR : set RTC bit and enable interrupts 
BISB #49,@#ADCSR 3; set RTC bit, leave others alone 

For External triager mode: 

MOVB #20,@#ADCSR 3; set EXTTRIG bit, clear others 

MOVB #120,@#ADCSR 3; set EXTTRIG bit, enable interrupts 
BISB #20,@#ADCSR 3; set EXTTRIG bit, leave others alone 


Note that all of the examples are "byte" instructions, operating only on the 
lower byte of ADCSR. The use of "byte" instructions will prevent modification 
of the upper byte of ADCSR, keeping unwanted triggers from interacting with 
the RTC or External Trigger inputs. Take care in using the BISB method, 

as it is possible to generate an unwanted combination of modes (such as RIC 
and interrupt, RTC and EXTTRIG, etc.) 


Once the RTC ENB or EXTTRIG ENB bit is set, an A/D conversion will be triqaered 
on every negative-going edge of the respective inputs. If both inputs are in 
use simultaneously, (both RTC ENB and EXTTRIG ENB are set), the inactive input 
(i.e. the input that did not trigger the current conversion) must remain in the 
low state until the conversion is finished. The RTC input and the EXTTRIG input 
are subject to the following constraints: 


Under sequential mode: 


Trigger Input ( <—— ti oy (minimum) 
MUX Timeout “seme 

S&H SAMPLE HOLD ( 
ede — “CONVERSION —> 


toeTTLE = multiplexer settling time 


| (see Appendix C for numerical values for 
tconverston ~ 4/2 conversion time these two parameters) 
CCETTLE + TCONVERSION > a low time less than or equal to this 


cri imum) value will set the ERROR bit 


Clow 


5-3 


Under random mode: I-tovcLe (minimum) —————> 
' et on (minimum)? 


Trigger Input ( 
S&H sample! *} = HOLD Ket cg > >] 
0c <tconverston — 4 | 
tac = Sample-& Hold acquisition time 7 
Q (see Appendix C for numerical values 
‘ - | r 
tcONVERSION A/D conversion time for these two parameters) 


a low time less than or equal to this value 


t ae 2 
LOW (minimum) CONVERSION Will set the ERROR bit 


a cycle time less than or equal 
to this value will result in 


tCYCLE (minimum) ~ tacg * ‘CONVERSION ° 
| incomplete sample & hold acquisition 


5.2 Channel Addressing Modes 
The DT1/769 series analog boards offer the user two methods of 
specifying input channel addresses to the A/D converter. The desired channel 
address can be directly loaded or the multiplexer auto-increment method can be 
selected (sequential mode). 
A. Direct Loading 
Utilizing this mode of addressing, the desired channel address 
along with any appropriate mode bits is loaded into ADCSR. Examples 
of this method and a discussion of triggering considerations are 
given in the Triggering Modes section in the paragraph on loading a 
multiplexer address. Complete random access to any channel is 
possible with direct loading of the address. 


B. Sequential Mode . 

Many applications for data acquisition systems require the periodic 
scanning of all or a group of input channels. To simplify software 
requirements in programming for these applications, the DT1/69 
series allow the program to set a bit (INC MODE) in the CSR to allow 
the hardwired logic on the board to cycle through input channels 
automatically. 

Once the INC MODE bit is set to allow sequential mode and an 
initial channel address is specified, every new trigger will increment 
the multiplexer channel address and perform a conversion on the new 
channel. When the multiplexer reaches the last channel installed on 
the board, the channel address is forced to zero and the cycle contin- 
ues. With this mode of operation, valuable CPU time is not required 
to update a software channel address counter and direct-load a new 
address for every conversion. Sequential mode can be used in combina- 
tion with any triggering and data transfer mode desired (DMA, inter- 
rupts, RTC, etc. ). 

One concern for the user application software is the need to know 
on what channel waiting A/D data was taken. To meet this need, the 
board CSR always contains the address of the channel on which the 
current valid A/D data was taken. The multiplexer address is not 
incremented until the next trigger command is received, at which 
time the logic will automatically wait a preset time for the analog 
front end to settle 
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before triggering the conversion. The need for a software channel address 
counter is completely obviated by this feature. 

Configuring the board for sequential mode, although not completely 
Straight forward, is simple. The procedure is slightly complica*ed by the 
fact that the INC MODE bit (ADCSR bit 14) is located in the upper byte of 
the CSR, and any modifications to the upper byte will trigger a conversion. 
Before setting the INC mode bit, the initial channel of the scan must be 
selected. To prepare the board, load a channel address corresponding to the 
channel immediately preceding the desired start channel (if the first conver- 
sion of the scan is to be on Channel 3, load channel address 2, etc). Do not 
set the INC MODE bit until the channel address in ADCSR is one less than the 
desired start address. After waiting for the converter to finish its current 
conversion (if any), execute | 

BIS #42900, @#ADCSR 
setting the INC MODE bit. This will increment the channel address (to the 
desired start address) and start a conversion on that channel. Once sequen- 
tial mode has been enabled, it is only necessary to trigger the converter 
with the A/D start bit or by an external trigger source to automatically step 
the multiplexer to the next channel and perform a conversion. Note: when 
preparing the board to be operated under sequential mode with triggering 
supplied by the RTC or EXT TRIG inputs, the channel address loaded should be 
two less than the desired start address. 


5.3 Data Transfer Modes 

There are several methods that may be utilized to transfer data to and 
from the DT176% series data acquisition systems. The methods and some pro- 
gramming examples follow. 


A. Programmed I/0 

All data transfers occur under explicit software control when using programmed 
I/O. Once the converter is triggered, the software must wait for the A/D DONE 
bit (bit 7 of the CSR) to become set before data can be obtained. The prooram. 
is not informed of when the done bit becomes set - it must sample the CSR until 
the bit 15 set, 


Example: 

MOV #499,@#ADCSR ;direct load channel address 1, 
;trigger conversion 7 

=user code= 

; program is ready for A/D data, see if board is ready too 

Loop: TSTB @#ADCSR ; is bit 7 set? (A/D DONE) 

BMI GETDATA ; Yes - go get data 
=user code (if any)= 
BR LOOP 


The TSTB instruction can be replaced by a BIT #200,@#ADCSR or a BITB #200, 
@#ADCSR. All test the state of the A/D done bit (make sure the proper condi- 
tional branch follows whatever test instruction is used). Before the program 
gets the A/D data, it is good practice to check the state of the ERROR bit 
(bit 15 of the CSR) to verify that the conversion was error-free. Once the 
program has determined that A/D data is ready, the software must move the data 
from the A/D data buffer register to whatever location is appropriate to the 
program. 
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GETDATA: TST @#ADCSR | : error bit set? 


BMI ERROR ; Yes - go process 
MOV @#ADDBR,dst ; get data 
=user code= 


Programmed I/0 may be used in conjunction with any triggering mode 
and any channel addressing mode. 


B. Interrupt driven 1/0 


In many applications, the time consumed by the CPU in programmed 
1/0 just waiting for the A/D converter is too valuable to waste. For 
these applications and applications that require an instant (real time 
response to the A/D data, interrupt mode is provided. In this 
mode the program not only selects the channel addressing mode and triggering 
mode desired but also sets bit 6 of the CSR, the INT ENB bit. Thereafter, 
an interrupt will be generated every time the A/D DONE bit (bit 7 of the 
CSR) or the ERROR bit (bit 15 of the CSR) become set. The program now 
does not need to loop waiting for the A/D DONE bit - instead the CPU 
can proceed to some other task. The program is assured of being informed 
as soon as the board requires attention. One interesting application of 
interrupt mode is when interrupts are used in conjunction with an external 
trigger source: after a conversion is triqgered externally the A/D done 
condition generates an interrupt. This tells the processor that some 
external event has occurred and A/D data is ready - a dual use of the 
interrupt. | 


Before using interrupt mode, consult the processor handbook for the 

LS1-11 to become familiar with the DEC interrupt procedure. The DT1/69 
series boards generate vectors that are completely DIP switch selectable - 
any desired vector can be set (see Chapter 6). The interrupt generated 

by the A/D DONE and ERROR bits uses the "base" vector. 
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The user interrupt service routine (ISR) must remember that an 
interrupt can also be generated by the ERROR bit. Typically the first 
function of the ISR is to check this bit - if clear, then the interrupt 
Signals valid A/D data. If set, an error condition has occurred. 


Example: | 
MOV #140, @#ADCSR senable int., load address Q,enable RTC 
=user code= 
ISR: TST @#ADCSR ; error bit set? 
BMI ERROR ; yes - gO process 
MOV @#ADDBR, (R2)+ ; store A/D in memory 
RTI | 


In the example above, the program loads address zero, enables interrupts 
and the RTC trigger, and then proceeds to a different task. Thereafter, 
every time a conversion completes an interrupt will be generated and 

the service routine executed. In this example, the service routine 
checks the error bit to see if the interrupt was generated by an error 
condition, then moves the A/D data into memory using processor register 2 
as a pointer. The interrupt service routine should end in an RTI 
instruction (exception: RT-11 users consult RT-11 manual for information 
On programming interrupt service routines. ) 


Interrupt driven I/O may be used with any triggering mode and either 
channel addressing mode. 


C. Direct Memory Access (DMA) 

A unigue option for the DT176@ series interfaces is the Direct Memory 
Access (DMA) option. Some applications such as high speed waveform analysis, 
digital filtering, etc. require the high speed acquisition of a number of 
continuous conversions. Programmed I/O and interrupt operation still require 
processor action for every conversion taken, using valuable time and reducing 
the potential throughout of the A/D converter. The DMA option allows the inter- 
face itself to completely handle the transfer of such a block of A/D data 
directly into memory with no processor action. The interface is free to run 
at its own highest throughput under DMA making possible a number of applications 
that were prohibitively expensive in the past. 

Normal triggering under DMA causes a wrap-around effect. Every time 
the A/D DONE bit becomes set, the interface makes a DMA request to the 
processor. After the interface becomes bus master, the A/D data is sent to 
memory. The Word Count Register and the Current Address Register are incre- 
mented and the A/D DONE bit is cleared. The clearing of the A/D DONE bit 
automatically triggers the next conversion and the cycle repeats. Thus the 
data transfer rate is dependent upon the speed of the Data Acquisition Module 
and the time required to perform the transfer. 

An external triggering source (RTC or EXT TRIG) can be used under DMA 
mode. When an external trigger source is enabled, the wrap-around triggering 
that is normal for DMA mode is disabled and the interface will wait for explicit 
triggers. This is the only difference from normal triggering - the rest of the 
transfer cycle is identical. 

Sequential mode may be used under DMA, but the desired start address 
must be set up before DMA operation is enabled. Under sequential mode, each 
trigger will increment the multiplexer channel address and perform a conversion 
on the next channel. If sequential mode is not selected, all conversions will 
be taken on one channel. 
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The operation of the interface under DMA mode is as follows: 

1. Load the DMA Word Count Register (DMWCR) with the 
complement of the number of words (A/D conversions) 

2. Load the DMA Current Address Register (DMCAR with the 
Starting memory address of the block. 

3. If sequential mode is desired, prepare the interface for 
it now. (see section 5-2B) 

4. Load the low byte of DCSR with the DMA ENB bit set and 
the appropriate triggering mode bits set 
(if neither RTC or EXT TRIG modes are desired, set the 
A/D START bit) 

5. When the transferis complete, and End of Range (EOR) 
interrupt will be generated. The vector for this interrupt 
is the selected vector for the interface plus 4. 


Example: 
WC: . WORD 2947. 
ADD: . WORD 8192. 

START : MOV — —-WC,@#DMWCR jload word count into register 
COM @#DMWCR complement word count 
MOV ADD,@#DMCAR $ load address register 
MOVB #42 ,@#ADCSR » start transfer under RIC 
=user code= 

EOR: =user end of range interrupt service routine= 
RTI 


5.4 Using the D/A Converter 
The DT1761 and DT1/765 offer the user a sophisticated dual channel 


D/A converter. The converter and its associated interface circuitry simplify 
a number of control tasks. For a description of the interface register, see 
Chapter 4. Chapter 7 will inform the user where the output connections are 
to be found. 

All data transfers to the DACs occur under proarammed I/Q - to 
update the DACs, the program merely writes a new word into the DAC Data 
Buffer Register (DACDBR). 

If the two D/A converters are being used for controlling equipment 
other than display oscilloscopes, the digital mode outputs and the Zz axis 
Outputs are available to the user. The zZ axis intensify outout, for example, 
is useful if there is a need for a program-generated output pulse. The user 
may program the pulse through the installation of capacitors for the set-up 
delay and the pulse width. The digital mode outputs are useful as general- 
ized TTL program outputs. : 


For driving a CRT point plottina display, the hardware provided on 
the interface greatly simplifies the refresh operation. To display a point, 
write both X and Y co-ordinates to the appropriate DACs. If a storage oscillo- 
scope is being used, the digital mode output may be used to control the mode 
of the CRT (erase, write-through, etc.). When writina the second of the two 
coordinates, set the Z axis intensify bit. The hardware will automatically 
wait a preset time for the CRT deflection amplifiers to settle before issuing 


5-8 


a Z intensify pulse of selectable duration. When this operation has 
completed, a point has been displayed on the CRT screen. If a scope with 
electrostatic deflection amplifiers is being used (79 uS amplifier settling 
time), it is important for the refresh software to be able to detect when 
the display hardware is ready to display another point. To meet this need, 
ADCSR bit 13 is internally connected to the Z intensify output. During the 
interval that a Z intensify pulse is being produced, this bit will read as a 
logic 1. The falling edge of this bit (the change from a logic 1 to a logic 
® indicates that another dot may be displayed. 
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Chapter 6 
CONFIGURATION 


6.1 Introduction 
This chapter describes in detail the customer-applied configuration 
jumpers in addition to explaining the configuration options. The location of all 
Switches, jumpers , and adjustment points are given in Appendix B. If any 
questions arise as to-the location of any jumper or switch mentioned in this 
chapter, consult this appendix. (Space limitations precluded printing diagrams 
at every: point in the text where a jumper or adjustment point is mentioned) 


6.2 Interface Address 

The DT1/769 series interfaces allow the user to configure the 
interface so that the interface will respond to any desired peripheral 
address in the standard LS1i-1ll peripheral address space. This "base" or 
"device" address is set with miniature switches, allowing the user to change 
the eddress without any tools. 

The interfaces will respond at 8 consecutive locations (with each 
location corresponding to part of an interface register.) The user selects 
the base address and the inteface will automatically respond to the desired 
address and the / following locations. The base address may be any value 
between 169900, and 1////9 

To sflect the bage address, DIP switches B8 and Bll are set. 
Before setting the switches, the user must determine the binary address on a 
bit by bit basis. 

Record the address here: 


|c__—_user-selected bits——_—| 
15] 14] 13] 12{11| 10] 9| 8] 7[ 6] 5/4] 3] 2] 1] 
17 ELE 


(Note: bits 15-13 are fixed as ones (selecting the LS1-11 peripheral 
address area) and bits 2-@ are decoded internally to select the 4 double-- 
byte registers). 

After choosing the states of bits 12-3, appropriate switches must 
be set on the interface to make the board respond to the desired addresses. 
The following table maps each of the 1 bits that the user may select onto 
12 switches. When setting the DIP switch, and "on" or "closed" position 
represents a zero in the respective address bit. 


Address bit 


Numbers given inside 
table represent sections 
or individual switches 
of each DIP switch. For 
example Address bit 12 
maps onto DIP switch B8, 
switch #5. 


6-1 


Once the base address has been set, bits 2-f decode internally to address 
the following registers: 


ADCSR Lo Byte 
ADCSR Hi Byte 
Data Buffer * 


Data Buffer * 
DMWCR * 
DMWCR 

DMCAR 

DMCAR 


*These registers are not byte - addressable. 


Unless otherwise requested, all DT1/6% series interfaces are factory-set 
at a base address of 177PDPg. 


6.3 Interrupt Vectors | 
In addition to the flexibility of setting the base address, the DT176@ series 


interfaces allow the user to select the interrupt vectors used by the inter- 
faces. Like the base address, the base interrupt vector is also set by 
opening or closing DIP switches. Before setting the switches however the user 
must select the desired vector. Record the chosen vector here. 


eUser - saheceede<s| 


C7TeTsTals[2tito] © 
tt | | 


* Bits 2,1, are generated by the interface as follows: 


Bit 2; set if DMA EOR interrupt 
cleared if A/D DONE or ERROR interrupt 
Bit 1,0 : always ? 


Once the vector has been chosen, the following table should be used to map 
the vector address bits onto DIP switch sections. 


Vector Address bit 


B 11 switch at, Sat te 


Unless otherwise pacneeted.: all DT176@ series interfaces are factory-set 
at a base-vector address of 130g. 
Beta: eden 


6-2 


6.4 Analog Input Configuration 


6.4.1 Selecting SE or DI 
Model DT1764 and DT1765 allow the user to configure the analog front end 


for either single-ended (SE) or differential operation (CI). The table 
below summarizes the connections required: | 


Input configuration Jumper connection __ 


ingle Ended P1-P2, P3-P4 
DI (differential) PS installed, P2 to P3 


—_—> 


Models DT1761 and DT1762 must be factory-configured for either SE or DI 
input. SE or DI operation is not user selectable. These two models must be 
ordered according to use. For SE-configured DT1761 and DT1/62, P3-P2-P4 are 
connected at the factory. | | 


6.4.2 Selecting an input range 


6.4.2.1 High level (DT1761 and DT1762) 

Models DT1761 and DT1762 allow the user to select bipolar or unipolar ranges, 
the magnitude of the range, and the notation of the resultant A/D data. These 
are configured through the installation of jumpers on the printed circuit card. 
- The following table summarizes these connections: 


Range Data Notation : Jumper connection 


| ‘ R5-R6,R2-R4,S3-S1 

i R5-R6,R2-R4, 92-S 
R3-R4,S3-S1.R5-R 
R2-R4,°3-S1,R5-R]1 


R2-R4 ,S2-SLR5-R1 


two's complement 


6.4.22 Wide Range (DT1764, DT1765) 

The wide range systems have the ability for gain and timing selection. The 
Instrumentation Amplifier may be programmed for any gain from 1 to 1000. 
Because the A/D has an input voltage range of either @ to + 10V : 

or + 1PV, the gain of this instrumentation amplifier will determine the 

input signal voltage range to be digitized. At a gain of 1000, the input 
Signal for full scale would be 19 mV (12 mV x 1990 = 1OV). For a gain 

of 1, no external resistor is needed, since the instrumentation amplifier 

has been set to this gain internally. The gain equation for the Instrumenta- 
tion Amplifier is given below: (see Section 2.4 for additional information) 


py _ 20 x 19° 
G = ee 1+ oa eee 
input range desired q 
R = 20 x 1p° (for a gain of 1, no resistor 
g G-1 is required) 
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6.4.3 Selecting expander channels (DT1762 and DT1764) 
Models DT1762 and DI1764 allow configuration of the interface with up to 


64SE or 32DI channels. These two models feature an extended addressing 
mechanism to allow the interface to address more input channels than are 
present on a single A/D converter module. Model DT1764 utilizes wide range 
inputs and may be field selectable as either SE or DI.° Model DT 1762 utilizes 
high level inputs and may only be factors set as SE or DI. The following 
table summarizes the connections required for the extended addressing: 


Input mode #of channels Jumper connections 
, | on expander jumper header 
4 


jumper across all p 
2-15,3-14,4-13,6-11,7-10,5-8 
3-14,4-13,7-10,5-6-8 


6.5 Analog Output Configuration (DT1761 and DT1765 ) 


6.5.1 Selecting an output range 


The output ranges of the two D/A converters provide maximum flexibility as 
each channel can be configured independently. The following table gives 


the available configurations: 
Complement 


YDAC jumper XDAC jumper |. Offset binary/ 
_ binar 
Y1-Y2, Y3-Y4 | x1-x2, x3-x4 | M2-M3 M1-M3 
p-1gv | y3-va X3-X4 M2-M3 | __N/A 
Y1- Y2 X1-X2 ~. M2-M3 MI-M3 


6.5.2 Configuring Z-intensif | 

The DT176) series interfaces equipped with D/A outputs allow the user the 
maximum flexibility in mating the D/A channels with any of several standard 
display oscilloscopes, if that is indeed the use of the outputs. This 
flexibility is achieved through the on-board timing circuitry associated 

with the Z intensify output. When the D/A's are used with display oscilloscopes, 
there is a minimum setup time for the xy values to settle through the 
horizontal and vertical deflection amplifiers. Once this setup time.has been 
met, a fixed-width output pulse is required to display a dot at the (x,y) 
location. . The timing relationships for the Z intensify output pulse are 

as follows: — : 


Load DACDBR 


DAC OUT wa Settling 
Z QUT | | 


| Z-intensi fy 
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Load DACDBR —f L—_____ 


Delay 


Z OUT | —- Fy —s| ; 


Jumper Connections 


Set up delay 3 usec 70 usec 1 usec-f.5 sec. 
(D-) D-D1 D-D2 | install “De ay between D and D3 
Note: Di= $.5796 x C Delay 
delay must be greater than 1999 pf 
Pulse width 0.5 usec 5 usec Q.2 usec - 19% usec 
cay I-12 I-13 install Coulse between I and [1 
Note: bw 2-9/96 x © pulse 


Coulse must be greater than 1902 pf 


6.6 Factory-set configuration. 
Unless otherwise requested all DI1/69 series interfaces are shipped in the 
following configurations: 


All Models: Base address 177002 
| Base Vector 139 


Models DT1761, DT1762 Af range + 19V, 2's complement 
Models DT1764, DT1765 A/D range + 1fmV, 2's complement 
Models DT1761, DT1765 D/A range + 10V, offset binary 


Z pulse width 9.5 uS 
Z delay 3 uS 


In addition, interfaces will be shipped configured for either SE or DI 
Operation as requested by the customer, and will be shipped with the 
requested number of input channels. 
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Chapter 7 
USER CONNECTIONS 


7.1 Introduction 

User connections of analog signals require a discussion of the various 
connection schemes available. This includes both single ended and 
differential inputs with both high and low level signals. 


7.2 Single ended analog inputs 
Single ended connections are those which have a common side that is 


referenced back to analog common of the system. The advantage of this 
scheme is that the user gets twice the number of channels in the same space. 
The major disadvantage is that the user gives up any common mode rejection 
he might obtain from a differential system. 


Multiplexer 


Analog Ground 


Figure 7.1 


Figure 7.1 shows the single ended connection. The output of the in- 
strumentation amplifier, Vo = Vn + Vs + V,,, thus error can be intro- 
duced due to V,, and Vn, where Vn is the Rdise voltage and Vp; is the 
voltage drop due to input cabling resistance. | 


7.3 Differential Inputs 


When the differential input scheme is utilized, there are two switches per 
channel, thus *the number of channels are cut in half. The benefits are that 
common mode voltages, ie. voltages appearing on both sides of the source 
Simultation amplifier. This CMR accounts for a much quieter system. The | 
amount of CMRR depends on how well balanced the instrumentation amplifier is. 
This can be calculated as follows: Two differential inputs are tied together 
and connected to a voltage source of plus 10 volts. Than the output of the 
instrumentaion amplifier is measured as Vo. 7 


Multiplexer 


MV 


6) 


System Analog Ground 


rn, 


CMRR = 29 Logig CMV 
VOUT/A 
Where CMRR = common mode rejection in db 


CMV = common mode voltage 


VOUT The change in the amplifier output voltage 
due to the CMV. 
A = Amplifier gain 


For example, .the specification for CMRR on Data Translation's wide range 
interface is 10Qdb at 60HZ at a gain of 1P0M. Thus with a CMV of 19 volts, 
the V out of the amplifier at a gain of 102% should be: 


Antilog 199 = 1p" 
20 VOUT/ippp 


ip? = ip" 
VOUT 


vouT = 1p “ty, 


Thus with a CMV of 19 volts, the output of the instrumentation amplifier 

is 100 milli volts. The differential inputs on these systems are not isolated 
and require a ground return from the system analog ground to the local 

ground reference of the source. 


7.4 Avoiding spurious signals 


In order to obtain the best performance from a system, certain guidelines in 
connecting analog signals to the system should be utilized. These guidelines 
and precautions will minimize the pickup of electrical noise by the 

measuring circuits. 


7.4.1 Twisted pair input lines 


The effects of magneti coupling on the input signals may be reduced for 
differential input configuration by twisting the signal and return lines. 
This is effective since the inductive pickup voltages on the two lines tends 
to match, thus not having an effect on the measurement. This, however, 7S 
not the case for a ground referenced single ended system. 


7.4.2 Shielded input lines 


The effects of electrostatic coupling may be reduced by shielding the input 
lines. This becomes important if the source has a high impedance. The 
shield should only be tied to a ground at the instrument end. This will 
prevent ground loop currents. 


7.4.3 Input settling with high source impedance. 


Solid state multiplexers inject a small amount of charge into the input lines 
when channels are switched. This can cause a transient error due to the 
input source impedance time constants. All Data Translation systems allow 
for input settling upon new channel selection. The settling time varies 
for the different input systems available. 
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Data Acquisition Module Input Settling Time Conversion Time 


DT5791 (high level) | 1p uSec. | 18.8 uSec. 
DT5719 (1P) KHz) 3 uSec 7.9 uSec. 
DT5719A(125 KHz) 3 uSec 5.9 uSec. 
DT5792 (wide range) Set by user 29.0 uSec. 


Settling time for input multiplexer 


Normally, the control logic allows sufficient time for this charge to 

settle to less than % LSB of error (nine time constants to .f12 percent). 
However, more time may be needed when the multiplexer is switching an input 
channel with high source impedance, particularly when large amounts of shunt 
capacitance exists in the interconnecting cables. Source impedance / cable 
Shunt capacitance products greater than 9.3 uSec. (1K-3@@PF) on 1QMKHZ units 

and 1 uSec. (1K-19QOPF) on 3QKHZ units should be avoided if less than % LSB 
error is desired. Assuming a twisted pair cable capacitance of 5f PF / foot and 
1K source impedance this translates into a maximum run of six feet on 

1Q@@KHZ models and twenty feet on 30KHZ models. Note also that settling 

errors can be minimized by increasing the internal time out with an external 
capacitor C, (60p: per uSec.). This time out can only be adjusted on the 

wide range dnits which utilize the DT5792 module. ; 


7.5 Connector pin assignments 


The remaining pages of this chapter contain tables detailing the 
pin assignments on the user interface connectors. 
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7.5.1 Models DT1761-SE, DT1765-SE 


7 CONNECTOR J1_ 

. 
CHD A. GND 
A. GND CH14 

CH8 A. GND 
A. GND CH7 
CH1 A. GND 
A. GND CH15 
CH9 A. GND 
A. GND YDAC OUT 
CH2 A. GND 
A. GND XDAC OUT 


wo On mD OF SP W DY 


pd 
© 


11 CH1p A. GND 
12 A. GND RTC IN 

13 CH3 

14 A. GHD 

15 CH11 

16 A. GND 

17 CH4 

18 A. GND DAC MDP 
19 C112 D. GND 

20 A. GND DAC MD1 
21 CH5 D. GND 

22 A. GND DAC MD2 
23 CH13 D. GND 

24 A. GND DAC MD3 


CH6 D. GND 


NO 
on 


1.9.2 


Models DT1761-DI, DT1765-DI 


CONNECTOR J1 
= A. GND 
A. GND RET6 

RETO A. GND 
A. GND | CH7 
CH1 A. GND 
A. GND RET7 
RET1 A. GND 
A. GND YDAC OUT 
CH2 A. GND 


Oo ~mwnmwmo om & ww Nh he 


10 A. GND XDAC OUT 
11 RET2 A. GND 
12 A. GND RTC IW 
13 CH3 D. GND 
14 A. GND EXT TRIG I 
15 RET3 _ D. GND 
16 A. GND Z OUT 

17 CH4 D. GND 
18 A. GND D. GND 
19 RET4 D. GND 
20 A. GND DAC MD1 
21 CH5 D. GND 
22 A. GND DAC MD2 
23 RET5 D. GND 
24 A. GND DAC MD3 
25 CH6 D. GND 


7.5.3 Models DT1762-SE, DT1764-SE 


CONNECTOR J1 


mo On DD OH PP WW DY 


PO RO RO MP PP KH RB BM Be Be Ye OY Se 
Tr PP WwW HO FKFKH OHO ON DD OO YP WW NY KF OC 


CHP 

A. GND 
CHA 

A. GND 
CH1 

A. GND 
CH9 

A. GND 
CH2 

A. GND 
CH19 
A. GND 
CH3 

A. GHD 
CH11 
A. GND 
CH4 

A. GND 
CH12 
A. GND 
CHS 

A. GND 
GH13 
A. GND 
CH6 


RTC IW 
D. GND 
EXT TRIG IN 
D. GND 


/-7 


CONNECTOR J2 
PIN SIGNAL PIN SIGNAL 


oO On DW MO LHP Ww PP eK 


— 
© 


MO PO PO PTO PP DN FH FH HF Re Re YH Ee 
mI FP WwW MO FY O UO WON DD NO LP WwW YP HY 


T254 


CONNECTOR J1_ 


PIN 


j—2 


PO PO PO PO PPO PO FH RB RB RR RE Re RE eS oe 
nP WwW NY FY OO HMO ON DO FP WY YF OO 


Oo On DW OO HB Ww PO 


SIGNAL 


CHP 

A. GND 
RET@ 
A. GND 
CH1 

A. GND 
RET1 
A. GND 
CH2 

A. GND 
RET2 | 
A. GND 
CH3 

A. GND 
RET3 
A. GND 
CH4 

A. GND 
RET4 
A. GND 
CH5 


A. GND | 


RET5 
A. GND 
CH6 


SIGNAL 


RTC IN 


Models DT1762-DI, DT1/64-DI 


PO RO RO PO PO PO RB HE RR OR RO rk lo 
NP WMO reR CO WO WON DO FP WH MY YF OS 


CONNECTOR J2 
PIN | SIGNAL Zi SIGNAL 


mo ON DO & WwW PH 


CH20 
RET21 
CH21 
RET22 
-CH22 
RET23 
—CH23 
RET24 
CH24 
RET25 
CH25 
RET26 
CH26 
RET27 
CH27 
RET28 
CH28 
RET29 
CH29 
RET30 
CH30 
RET31 
CH31 
A; GND 
A. GND 


Chapter 8 
CALIBRATION AND TESTING 


8.1 Equipment and System Requirements 


In order to assist the user in calibrating and testing the operation of 
DT1760 series data acquisition systems, Data Translation has developed a 
comprehensive software calibration aid designated SP0024. This software 
is provided in either of the two media: Paper tape for minimum, paper- 
tape based LSI-1] systems and floppy disk for sophisticated RT-11 systems. 
The system and test equipment requirements for this software are given in 
the following tables: 


SP-0024 System requirements 
- Paper Tape 


KD11-F (LSI-11) processor, ECO #1% or greater 
or 
KD11-HA (LSI-11/2) processor 
Minimum of 4k words RAM (on processor card or elsewhere) 
Serial Interface at standard DEC console address 
Low Speed paper tape reader (TTY) or high speed paper tape reader 
Data Translation DT1760 series data acquisition system(s). 


Floppy Disk 


KDI1-F (LSI-11) processor, ECO #19 or greater 
or 
KDI1-HA (LSI-11/2) processor 
Minimum of 8k words RAM 
System console terminal at standard DEC console address 
DEC Compatable dual floppy disc drive system 
RT-11 operating system (version 2 or version 3) 
Data Translation DT1760 series data acquisition system(s). 


Test Equipment Requirements 


For A/D calibration (all models): 
Laboratory quality voltage standard 
EDC Model E1I@@C or equivalent 


For D/A calibration (models DT1761 and DT1765 only): 
Laboratory quality 45 digit or greater Digital Volt Meter (DVM) 
Data Technology Model 4% or equivalent 
19 MHz or greater band width oscilloscope 
Tektronix Model 1922 or equivalent 


8.2.1 Loading SP-9924 From Paper Tape. 


SP-9924 is supplied in PDP-11 absolute loader format. To load this release 
into memory the following steps must be taken: 3 


1. Load the LSI-11 absolute loader (see DEC documentation for 
information on this). 


2. Place the paper tape in the paper type reader. 


3. Start the absolute loader at location XXX5Q@@ when XXX is 
determined by the following table: 


SYSTEM MEMORY SIZE XXX 
4k 017 

8K 037 

12K 057 

16K 077 

20K 117 

24K 137 

28K or greater 157 


Following this procedure will cause SP-9924 to be loaded into memory 
and executed. | 


8.2.2 Loading Floppy Disk 


SP-9924 contains an RT-11 memory image file namded SPQ924 SAV that is 
prestructured to run under the DEC RT-11 operation system. This file is 
linked to load into memory and start execuition. 


To load SP-@924, boot RT-11 up on floppy dirve zero and leave the system 
floppy disk in the drive. Insert SP-9924 in drive one. Type "RUN DX1:SP9924 
carriage return " in response to the RT-11 monitor's "." prompt character. 
When SPQ224 has loaded, the initialization routine will automatically 
execute. , : 


8.2.3 Using S$P-9224 


SP-@224 runs under a test executive which allows the user to control the 
operation of the program and to configure the software for the proper option 
configuration of his particular interface. Under this test executive the user 
may ask for a directory of products which the program supports, he may specify 
what ests to run and he may loop on a test if 4n error occurs, or halt an error. 
The commands for the SP-9924 test executive aré: listed. 
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COMMAND FUNCTION 


ALL Runs all logic tests that are present 
for the current device. Generates an 
error if there iS no current device. 


BOOT Jumps to the standard hardware boot- 
. strap (173009). Generates an error 
if there is no bootstrap present. 


DIRECTORY Displays the contents of the current 
directory. Generates an error if 
there is no current directory. 


EXIT Halts the processor 


MODEL (space) Displays the parameters associated with 
the current device. Generates an error 
if there is no current device. 


MODEL (space) DTXXXX Searches the current directory for the 
given model number. If found, makes 
that model the current device. Generates 
an error of there is no current directory 
or if the model number can not be found. 


TEST (space) 7 Runs the last test executed 
TEST (space) number) | Runs the indicated test 

Test Command prefixes - The following command prefixes are to be used with 
the TEST command to control the execution of the various tests. 


COMMAND PREFIXES TO TEST EXECUTION COMMANDS 


R (TEST command only) repeat this test continuously 
L loop on this test if an error is 
detected 
_H halt test stream if an error is 
detected | 
I inhibit error printout 


A control C will terminate any test. 
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Example: User wants to run a scope loop on Test 2 because an error is 
encountered. Type: 


ILT = ¢ space ) 2. 
In this case the program will loop on test 2 and inhibit error printouts. 


SP0024 Error Codes - SP0024 will print an error code when a specific error 
is encountered. All codes are in the program listing and show the error and 
what test the program was in when a failure occurred. 


8.2.4 Initialization Routine 


When the program pegans execution a message will be printed on the system 
console. | 


DATA TRANSLATION TST-11 MONITOR VO2-04. 
DIRECTORY OF SP-0024 VOI-03. 


THIS DIAGNOSTIC CONTAINS ROUTINES FOR 


MODEL DT1761 
MODEL DT1762 
MODEL DT1764 
MODEL DT1765 


The program will be waiting for the next command with a prompt character. 
In this case a ">". 


The user then enters his model number by utilizing the "M" command. EX. 
> M g space > DT1761 CR. 


The program will then ask for the particular configuration of the board. 
Once all the configurations are entered the program will give the Base address 
and Interrupt vector address and print a prompt character. 


8.2.5 SP-0024 Program Description 


SP-0024 consists of two main sections. The first section which contains 16 
tests will test all the logic of the interface board. These tests contain 
scope loops for debug purposes and will provide an error message if a problem 
exists. The next section of tests actually produces printouts of A/D data 
and provides D/A outputs for calibration and verification of operation. The 
tests contained in SP-0024 are listed. 


LOGIC TESTS 


TEST 1: BRPLY FROM ALL REGISTERS 
TEST 2: CHECK A/D START BIT 

TEST 3: CHECK ADCSR R/W BITS 
TEST 4: BINITL ACTION 

TEST 5: BYTE OPERATION OF ADCSR 
TEST 6: CHECK DMWCR BITS | 
TEST 7: CHECK DMCAR BITS 


TEST 10: HIGH BYTE TRIGGERING 
TEST 11: A/D START BIT TRIGGERING 
TEST 12: INCREMENT MODE OPERATION 
TEST 13: ERROR BIT OPERATION 


TEST 14: A/D DONE INTERRUPT 

TEST 15: ERROR INTERRUPT 

TEST 16: DMA LOGIC 

TEST 17: DMA DATA TRANSFER 

TEST 20: END OF LOGIC TESTS 

TEST 21: D/A OUT TO A/D IN 

TEST 22: A/D IN TO D/A OUT 

TEST 23: A/D CALIBRATION 

TEST 24: A/D DATA DISPLAY UNDER DMA 
TEST 25: A/D INPUT CHANNEL SCAN 
TEST 26: A/D INPUT GAIN/CHANNEL SCAN 
TEST 27: D/A CALIBRATION 

TEST 30: D/A SQUARE WAVES 

TEST 31: D/A RAMPS 

TEST 32: SCOPE CONTROL OUTPUTS 


8.2.6 Test Descriptions 


All description of tests are located in the program listing at the beginning 
of each test. 


8.2.7 Modes of Operation 


Test 23 and test 24 will ask for a MODES input when they are calied. This 
MODES input is the lower byte of the CSR. 


When a user wants to run an interface under RTC control or EXT TRIG he can 
set these bits when the program asks for MODES. DMA mode can only be run 
with Test 24. Ex. If a user wants to run DMA under EXT TRIG he will set the 


MODES as 20.. 


RTC GSI 
EN 


EXT TRIG 
MODES BITS FOR USE IN TEST 23 AND TEST 24 


8.2.8 Calibration 


Calibration of the system requires a voltage standard for highly accurate 
analog inputs and a DVM for calibration of analog outputs. 


Equipment Required: 


Voltage standard - EDC Model MV-100 or equivalent 


DVM - Data Technology Model 40 or equivalent 
¢ 


8.2.8.1 Calibration of Analog Inputs 
Configuration +10V FS, 2's compliment notation: 


1. Connect a Voltage Standard to CHM input 
2. Set standard to -2.4mV 
3. Start Test 23 at CHM, Mode @ 


4. Adjust A/D offset for the printout between 7777 and 9999 


ae 
6. 


Set voltage standard to +9.9927V | 
Adjust A/D range control for printout between 3776 and 3777 


NOTE: for ¢10mV systems (DT1765,DT1764) divide above values by 1000. 


8.2.8.2 Calibration of Analog Inputs with Programmable gain amplifier 


Pwnhn— 


Adjust the A/D offset and range as in section 8.2.8.1 

Set voltage standard to -600mV 

Start Test 23 at CHM Mode 142 

Adjust the Programmable gain offset pot for a printout between 
7777 and POPP 


8.2.9.3 Calibration of Analog Output 
Configuration - +l0V offset binary notation: 


Is 
2. 


Connect DVM to YDAC output pin 

Run Test 27 - this test will produce plus and minus full scale 
outputs on each D/A connector each time the space bar is hit on 
the system console | | 
Adjust the offset pot for each D/A for -10,000V 

Adjust the range pot for each D/A for +9.9915V 
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APPENDIX A 


Power Requirements 


Although the precision analog-to-digital and digital-to-analog 
converters manufactured by Data Translation require a highly reguta- 
ted + 15 volt power supply, all DIT1769 series interfaces contain an 
on-board DC-DC converter to meet this requirement. Thus the DT1/69 
series interfaces require only +5V for complete operation. This power 
is supplied by the computer backplane via pins dedicated by Digital 
Equipment Corporation for supplying logic power to Q-bus interface 
boards. | 


Power specifications for all DT1/6@ series interfaces: 


+ 5V @ 2A maximum 


APPENDIX B 
Physical Locations of all jumpers, switches and 
adjustment points. 


Models DT1761 and DT1765: see page B - 2 


Models DT1762 and DT1/64: see page B - 3 
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Data Translation, Inc. 
Software Engineering 


READER'S COMMENTS 
We are .interested in hearing of any problems encountered in the 
use of our software and calibration manuals. Please fill out 


this form and return it t> us if you have any comments or 
Suggestions regarding this release. 


Title of manual/release: 


Did you find any errors in this release? If so, please describe. 


Did you find this manual understandable, usable, and well-organized? Please 
make suggestions for improvement. 


Is there sufficient documentation on the software, regarding both system 
requirements and usage? If not, what material is missing and where should 
it be placed? i: 


Please indicate the type of user/reader that you most nearly represent. 


O Assembly language programmer 
(J Higher-level language programmer 
O Occasional programmer (experienced) 
[C] User with little programming experience 
(1) Non-programmer 
O Systems Engineer 
Name Date 
Organization 
Street 


City State 7 Zip Code 


If you require a written reply, please check here. [J] 


APPENDIX C 
GENERAL NOTES 


C.1 Timing Values for Data Translation A/D modules 


(Note: the A/D module number is printed in bold digits on the 
top of the module. The module can be located on the interface 
according to this diagram. 


Module Number | Settling Time | Conversion Time Time Samples/Second 


DT57@1 1 uSec 18.8 uSec 28.8 uSec 34722 
DT5719 3 uSec 7.9 uSec 10.9 uSec 1PDAAP 
DT5719A 3 uSec 5.2 uSec 8.2 _ 125009 


DT57Q@2 see table 20.QuSec see table below 
below 


DT57@2 Parameters 


INPUT RANGE | GAIN eT SETTLING | SYSTEM MAXIMUM 
TINE | ACCURACY | SAMPLES/SECOND 


1DPD | 20.92 


+ 
[ 
= 
= 
zs 
oy 
ey 
rs 


C.2 Notes on Full Scale (FS) 


Full Scale (FS) is the amount of input voltage required to turn ON 
all the bits of the A/D converter. For a D/A converter, the inverse 
is true: Full Scale is the voltage that results when all bits of the 
converter are turned ON. 


In a 12 bit converter there are 4096 possible states (212), Because 
one of these states is given to zero, the converter lacks one state 
at its high or positive FS end. Hence even though the converter is 
rated at 19 volts Full Scale, the positive Full Scale value will 
actually be 1 state (1 least significant bit value) below 19 volts. 
For example, a 9-19 volt range converter has a least significant bit 
value of 4.88 mV (1 volts / 4096 states). The positive Full Scale 
will be reached at 1% volts -4.88 mV or 9.9951 volts. The negative 
full scale (in this instance taken to mean the voltage associated 
with all converter bits OFF) will be 2 volts. 


Full Scale Range (FSR) 


The Full Scale Range is the difference in voltage between positive 
Full Scale (all converter bits ON) and negative full scale (all 
converter bits OFF). Thus a @-19 volt converter has a Full Scale 
Range of 1% volts while a +19 volt converter has a FSR of 29 volts. 


GC. Computing Calibration Values for use with SP-913 


(Note: LSB (least significant bit) = FSR = 4096, see C.2 above) 


A/D Offset Adjustment 
| Unipoiar Ranges (Q=-n Velts, n€1f) 


| Printed Data | 
r Input Range Input Voltage High Value 
any +}; LSB 


any, octal output +35 LSB 
0-10V +1.22D7mV 
Q.5V 
Q.10mV 
4..20mA 


+9 .6104mV 
+1.2207mvV 
4.9239mA 


0.990 


4. 9OOmA 4. O94mA 


Bipolar Ranges |  (4n Volts, n € 19) 


ee : Printed Data 
| Input Range _ Input Voltage High Value 


® volts -45 LSBT @ volts -1 LSB % volts | 
® volts -4 LSB] 7777 9092 (two's complement) 


| any 
any, octal output 


3777 4990 (offset binary) 
-2.4414mV -2. 995 + 9.999 
-~1.2207mvV -2. 992 + 9.999 
~2.4414uV -9. 995 


+ 9.990 


A/D Range Adjustment 
Unipolar Ranges (f-n Volts, n€1p) 
| Printed Data -_ 
Inout Voltage Hiah Value 


any 3 
any, octal output | +FS-1% LSB 


P-1PV | +9 .9963V 
9-5V +4.9982V 
9-19mV +9 .996 3mV 
4-20mA +19.9941mA 


Bipolar Ranges (+n Volts, n£19) 
Printed Data 


any | +FS - 145 LSB +FS - 1 LSB 
any, octal output | +FS - 135 LSB 3777 (two's complement) 
7777 (offset binary) 
+10V +9 .9927 : +9995 
+4 9964 
+9 .9927mV 


A/D Gain Adjustment (LSB now = FSR/(4996*8) ) 


eee _Unipolar Ranges , 
| Input Range _ Input Voltage} Low Va ante PoE vat ue 
; any +35 LSB Q 

any, octal output] +5 LSB 

Q-190V + §.15259mV 

Q-5V + 9.97629mV 


Bipolar Ranges 


any Q Volts - % LSB @ Volts - 1 LSB 
any, octal output] @ Volts - 4 LSB 7777 | $2009 (two's complement) 
. 3777 4900 (offset binary) 
+ 19V - 0.32518mV -2.991 +9. 90D 
+ 5V - 0.15259mV +9. 99D +9. O22 


D/A Offset Adjustment (-FS) 


2.2000 
-5. POOP 


D .P200 
-19. 2909 


(+FS) 


+4 9988 
+4 .9976 
+9 .9976 
+9 59901 


APPENDIX D 


SP-0024 PROGRAM LISTINGS 


at ee . Pind . -. - ~ . ™ pea Se we sme A: ae ee 4 ee ee te - * : eres ee 


2T-14 LINK Ye5. ode LOAD MAF SAT 31-MAR-79 14:46:07 
BPaGs4. SAY TITLE: SP@G2Z4 IDENT: VOL. G4 


pee ADDR SIZE $$ GLOBAL VALUE GLOBAL VALUE GLOBAL VALUE 


BEBO Bea. CR. I. GEL. RES, OF» 

BELEGE BoeeTe CRE I. LCL, REL, COM> 
DIRECT 861665 

BLY Beetse CR. I. LOL. REL. COS 
1 a HALled4 ITArés s) 
Ii res BOLSPS FATCH iG 
TLre2 HEART ea $T1LrE4 G 

BGred4S beoed=e4 CRE. I. LOL. REL, COnM> 

| START GarS42 


4 I1r64 BML She 
16 T1°61 ABLE 
q4187H T1Lr6eS BH1a 7k 


TRANSFER ADDRESS = GarfS42, HIGH LIMIT = @15676 = 2554. WORDS 


Vide PSI MUDULE | -MHUKU Vis. Wee) S1-MHR-*S 12: 
TRELE OF CONTENTS 


1:= GENERAL INFORMATION 

TEST PARAMETER BLOCK «TPE» 
INITIALIZATION 

DISPLAY PARAMETERS 

ERROR REPORTERS. 

MODEL TESTING INFORMAT IOt 

LOGIC TESTS — | 
TEST 1: EBRPLY FROM ALL FEGISTERS 
TEST CHECK A“D STRET BIT © 
TEST CHECK ADCSRE FA“b BITS 
TEST BINMITL ACTION 

TEST 'TTE OPERATION OF ADCSRE 
TEST CHECK OMMCR BITS 

TEST CHECK DMCAR BITS 

TEST 16: HIGH BY'TE TRIGGERING 
TEST 14: Ae“O START BIT TRIGGERING 


it bit ttt te 
tf 


fo Go to co fo mo On Al po 


pA ps fe 


“jm Ohl he 


a TEST de: INCREMENT MODE OPERATION 
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THAT ARE NOT CHECKED ARE 


DMA ENE. Ae’D 


GHEASE. RL j 


Ro F 
#46. RS | ; 


Ro. CRLo 
Rio. ke 
#17 reE6s, Re 


“as ‘we ‘me ‘ae 


Re. Re ; 


it F 


DONE, 
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CHECK ADCSE FAW BITS 


IN ADCS. 


ERROR: 


GET ADDRESS 


INIT TEST REG. 
SET # OF STATES 


DECLARE LOOF POINT 
SET BITS 


GET BITS 
IGNORE SOME BITS 


TEST BITS 


NO ERROR -— SEIPF 


abs sobs cobs cabs cab cafes co cob os co ob ces coh te cfs cops cof oof oe oc dR co io so a Sep: chs os bs fs cd ps od os 


ERROR 


CODE = - BIT ERROR, 


BITS 3-6 


ADCSR: 


pe ORs Ses Soy SES Oey Sy 00) Oy ORS Oy OB, ote ORs Sie ie Di Os ee Os oS os Oe Os od oe ois oS i ate i ee os bs fs os cs oe od os cs oo: 


ERR IPF 
AGC 


SOE 
TEST 
BE: 
CLE 
Move 


TEST 
REI: 
rei 


SCORE 
ray 
fly 
BIC 


“OF: 
BEt 


=. REG i 
#4. FS i 


R=. 1. j 
LFe. SHE F 
Ts ; 
Fe ; 


GHOWE+1. RS j 


BIlTe. Shik i 
ce 3 ; 
#20, R= i 


Rot. Cho i 
CRio. Fe i 
#146027". Fa i 


Fo. Rel ; 
a 2 j 


REPORT ERROR 


HEXT STATE 

LOOF UNTIL DUNE 
A-“C PRESENT? 

HO - SKIFF 

INIT TEST FEI. 
SET # OF STATES 


MOGEL 
SEIF 
VALUE 


IO 
ie 
FORCE 


DECLARE LOOP FOINT 
SET BITS 

GET BITS 

IGHORE SOME BITS 


TEST BITS 
NO ERROR — SKIF 


ire 


| =: 


SQ wOs Aa wwe 


J 


f — 1.) LAF Lt ft 


fy be Me lo ct ~~] ey 


th 
y 


La} 


i. 
i 


—p~, 


Nee Re boil dwt 


CHECK ADCSRE RW BITS 


BH1TE4 


591576 


He1S74 


- BELSP6 


Sa ba Mt Si Ss 


coal 
ome 
a 


==, 
od 


Gm & fy 


i 
} 
Hy 


mt 
Ho 

TT, 1, 1 Ts 
et 


BP 


fe 


Cs 
i] 
al 


om] 
ad 


em, 
easly 
gem, 


KA 
i | 
b> 
iT; 


HALE 
Hales 


mi mi i 
Mi Wr ma 
be pe 


iT) 1, 0, Ty 


tel Leal ted fA 


fe fos ity 


agen, 
sl 


mi me i 
mi mw] my 
cn 
ae fF i 
11 ee oy Ca 


mt 
SS pa’ 
mt 
= 
out 
fr 
2 


mt 
}- 
Tm 


4 
fi. mJ om) Rf 


mK 
tS 


c! 


+, 


fm 1%) 

mi del th 
{ 
i 


hacks 
mw G 
hi 


aor, 


Sa ba ea Sa 
A eaee 


a | 
3 

1 
js 


° 


tm! 
Pe 
{fa ee 
a a Ol eee 
ms 
m! 


mem 
Py mJ Se 


© 
et 
= 
es 


30M sod ob ot i tio i i i i oh os oo a ot to os ok a io: oe oo os i i os od 


; ERROR CODE 4 - BIT ERROR. 
; BITS €-L= 


ADCS R: 


i Sas ces sos copes sos cos chs ces cos cops copes cas cds chs chs a: ces cs cis obs cs obs i ho: +: sofes copes hs seh cbs cbs cee obs chs hs ce a od ob: ob chs cb pb. oe ob bs og: 


ERROR: 4, REG 3; REFORT ERROR 


FIDE NEXT STATE 


py GHDELAY. RS 3 WAIT 


SE: Rit GF j 
SIE: - Riz. 4 3 
a rie j 
SCOPE ; 
ray rete ORL S ; 
ri CRLo. Ris i 
BITC #127 PF es RE ; 


DELAY 

LOOF UNTIL DONE 
IHIT TEST FEG. 
DECLARE LOOP FOINT 
SET BIT 

GET BIT 

TEST BIT 

BEM SF ; 


HO ERROR - SKIP 


3 +: 4: tes ros ces cs cds ses ses oe ses sefes cs sep ces shes ss seh capes cafes ses cefes seh ces ces cas cee ch bs ces chs cs ces cos bs es obs os ds os ob os sb hs cd os os ob op 


ERROR CODE & - BIT ERROR. 
i Tri: 


ADCS 
MODE BIT WOT CLEAR 


i Ss ces ses sofes sep sees cs cs cobs cfs aes cs cabs coe gc ces cabs ces cos ps cb ce cbs sees ge cs cs ce cep gs cts co ch ch cb hc ep cs oe: os cbs os ce cg cs op: 


REPORT ERPRCR: 


ERROR §. REG 
4G. RS ; GET BIT 


ae : ri 


SCOPE 
Moy Ro. RL) i 
Moy CRLo. Re 
BIC #127 TTP. RE 


DECLARE LOOP FOINT 
SET BIT 
GET BIT 
TEST BIT 


BNE a 3g OK - SKIF ERROR 


i soe cds des sds sos ces sc dg cei coc cbc cs i ch cb cde ee chi cf cp ci otk chi ap cs cp cs ess cep cc op cd cbs hs cs cs os sp: 


i ERROR CODE & - BIT ERROR. ADCSR 


IN MODE BIT NOT SET 
3 pee ae Oe Oe OE Oks OR Oi Os ode OS ORs Obed BS Of, OFS Ode OM OB. OM, Of OS Oe) OO ie Oe Oe de Oe Oe i OO oe i oe oe 


> FEFPORT ERROR 
3; DOKE 


ERROR 
EXIT 


yu REG 


ui bf Oe 


i>imak. revue © 


TEST 4: BINITL ACTION 


Pha fo fo f 
ii it fc 


sqpame 
‘cca 


SOO YH oA Lh 


61650 
ee1eEs4 


E1660 
GG1662 


1 


Ns same 
‘wate 


Pfs! 3? 3! 


G Me My i me 
Ls 


., 
(a ay mo 


Boris 


BL rLe 


Bis7o1 
Bbes4e 
G@L27ree2 
646114 
BLiG2l11 
4 


mr im 


Gi 
~J 
~J 
mi 


em 
~ fi 
ml 


IML VES. Betis 


.SETTL TEST 4: 


SL-NNK@ rS Leia4siece FPHoE 1e 


BINITL ACTION 


3 THIS TEST YERIFIES THAT THE BINITL SIGNAL CLEARS 


i THE PROPER ADCSR BITS. 
i CHECKED ARE 


3 RTC ENE. EXTTRIG ENB. DMA 


Pat! GHEASE, RL 


1¢: Men #46114. Ro 
RZ. CRA? 
Ra. CHL? . 
GeDELAY. RO 


Moy 
Moy 
Moy 


fs 
it 


SOE: Ril. ot 
CLE es 
SCOPE 
RESET 
ric 
BIC 


CRS. Re 
#2740. Re 


eR: Ria. RE 
BE. t! 3 


THE BITS THAT ARE NOT 


ENE, MUS ADDRESS BIT 


GET ADDRESS 


SET ADCSRE BITS 


SET ERROR BIT 
WAIT FOR Ae’D GONE 


ILE TEST REG. 
DECLARE LOOP POINT 
ISSUE BINITL 

GET BITS 

IGNORE SOME BITS 


TEST BITS 
Ok - SKIF ERROR: 


Sos cs ces cafes ees cas ces codes ces oes seis sees ces apes seth cee sees cofes safes cefes cafes sfc sees cefes copes cafes chs caps sabes aes sees ces safes ces oes ce cas cd coh: cos op cps oss od hs os cb: 


FRROR CODE - - PROPER BIT¢S> NWOT CLEARED 


a i y' 


BINITL 


Sap cbs cf cp co co cb cs oo de ce i ce co ec oof ods cas cai ch ses coc oi ce oa co ce coh cs oof oh oe cb ce oo oe od on ci oe os ok of: 


ERR ys REG 


EH EXIT 


REFORT ERROR 


ALL DONE 


Ae ene = “te egal 


bes: et P Hit 15 


EMU TeN Sonesta 


StL MUDULE | MAGRU ves. be 
BYTE OQFERATION OF ADCSR 


" anomustits 


“S2-hnre— oo ws: 


.SETTL TEST 3: BYTE OPERATION OF ADCSR 


; THIS TEST 
INVOLVING 


VERIFIES HIGH AND LOW BYTE OPERATIONS 


THE ADCS. 


“Jo Cf bd fob 


1 hs 


kt 
‘onal’ 


TES 


Ta: fio BHEASE, RL 3 GET ADDRESS 


HELPS CLE CRLs i CLEAR ADCS 
BAL Fae Poy GHEDELAY. Ra s WRIT 


La! tsi tal Ly! 


SI ps ~) pe er mr 


mr fia mf Oo bel ff mm bl 


~jJ Rm mi f Mm Be bh m 
Bho mh Te hae. 


J So my) Gr on md 


mi mi 


11 pe 


! 
t 


‘exon 
Be 
ode 


. ry ° 


spe, 
t’- 
‘ands 


TT", 


Pam) ma bel Be md ps 


PROP Ee Be 


13: 


SOE 
ray 


RG. 41% | 
#174. RZ ; INIT. TEST REGISTER 
SCORE 3 
MOVE: #47574. (RL 


DECLARE LOOP 
SET R/W BITS 


POTMT 


hci 
ric 


Cio. Re j 


GHDOELAY. R= j 


GET ADCSE AS 
LET BORRD FINISH 


WORD 


and Te 
Ma S46, 
HALT S4 BFrset =: SOB Fs. oF 
HELP Se Bee Pao BIC #1 HHS. Re | IGHMORE STATUS BITS 
aa aS 


HL Pres 
ALTE 


1 
. oye, 
wel’ 
rt 
‘ennke 


“J 


we] 
et 
bh fa 


mk 
BE 


Re. Rel ; TEST BITS 
=F 3 OF - SKIP ERROR 


3 Ses Sefes sees cbs cafes cos sb sofes cas cap Sef cps ces cs ss cos ces ci os cbc os ss ci ods ss ch cbs gs seeds ec eds ss cet oi: ods is os ods obs st bs cts obec cd: 
FRREOR CODE 16 —- HIGH BYTE LOADED DURING 

i AH LOW BYTE OPERATION 

BMS Seb dbs ces ces caf ca ces oa cas ca oa cs co cs caps oes np nfs cas cafes nb gps cof ca caf oi fe ob co oe ch i od ci co ds so: 


ERR: Li. REG i REPORT ERROR 


a RENNER manner tt Aen HS A 9 RSET EY STA OEE ES | I ey ee ee ee ee eee 


ay 
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TEST 3: BYTE OPERATION OF ADCSR 


cS CLR CRA> i CLEAR ADCSE 
MO‘  BHDELA'Y. Fe i WRIT 


¢ 


Pa be 
KN 
ut 


4% : SCE Rit. 43 | 
MOVE GH 5WR+1. Re 3 INIT TEST REGISTER 


DECE 


ee es A 
mr tr my fh ms Ee mp 


fs fJ 
© 
A 
fe 
et 
Cy 
f 
Mt Re Ga fe me me ce 
J BM ho fa Re Pa Be ty i 


“jr mi me ~] mie a 


Cf 7, fo LA i tel mo bb on 


mt 


Pop fo 


me 


SCOPE i DECLARE LOOP FOINT 
MOVE Ret. CRA? i SET RW BITS 
ro “1Ck13, Re i GET ADCSR AS WORD 


5 BaS66 Re i ADJUST 
& ga2e1e BIS #76008, RZ ; SET ALL EXTRA BITS 
B7S6e : 
1 Ss be PS THC Ri s POINT TO HIGH BY'TE 
1 


7, 
‘excl 
ma 
f 


k= 


one, che, One, tne, ome 


m it to 
2 G) G1 


3,1 


bh f= 
im] & 
Ke ft 


J 
j 2, 
j 
J 


gars, 


oe a gt g* og? 


Mo GHEDELAY. Fs i LET BORRD FINISH 


ae | SIME Ria. SF 
BIC #1iGHSH>. Re 3 IGNORE STATUS BITS 


SWAE ae i ADIUST Re 


id BSE 
15 beSb4s BIC #18827 r. Re 3 CLEAR RANDOM BITS 


~) Mr (1 Ma Ma mm: — mi - 
mf fee Tea bed a Be 1, bel ~ 


~jp Rm — mm ~~) ms 


mimi ee mi me Mm me ms ma be ma 
fe fe Se fie hy fd mf bd m. 


fe fer teal md tal fa mg bel Gn my 


16 Bose. Me Mk Ra. RE i; TEST BITS 

TY BSE Se Hides BE: &¥ i OK - SEIF ERROR 

‘L on 3 Soe cps cs sees ss cofes sees cs sefes ces coer sees sages chs cafes cae sees ches sas copes ss cobs aber sedis cebec sees cedes sfc cabs cabs sedis gic oes es od cs ch obs nbs oh cs bs bs ds ho od. ob ot. 
= ; 


ae i ERROR CODE 14 - LOW BYTE LOADED DURING 
eae i A HIGH BYTE OFERATION 


= rat i os ses ces cfs che cofes copes cos cs ses cops sles ods ces tefes sofes ces ss cos tebe cobs cfs coc sg ch cs cobs ces cos cobs cobs cos ps cds cos ces ces ps cops os cee os os ses ops oes chs gc cd: 
ah HRSHES ERR CIE Ti. FEG 3 REPORT EFROR 


EXIT 


f 

ii 

a! 
ft 
iT; 
it; * 
iy 


sate Suda write aed a Ue et aah ated tel 
Pn ae rat : 7 


TEST 6: CHECK DMHCR BITS 


.SETTL TEST 6&: CHECK DMHCR BITS 


i THIS TEST CHECKS ALL LEGAL COMBINATIONS OF BITS 
’ IN THE ONWCR COMA WORD COUNT REGISTERS. 


Sa] Sa ad SoD a | TESTG: TEST BIT. SiR i DMA PRESENT? 
G26 


BEC 3F 3 WO - SKIF TEST 
Pay GHEASE. FL 3 GET ADDRESS 


WON Won & be 


mi) a Ie) 


~“1& 3 ~) cl ~~] 
© Gm Bh Gh 
IPS BPD PD 


Ky 
‘ous 
Gb! f 


16 626074 ADD #4. FL 3 ADIUST 


‘cet 


14 eG2160 
2 ae2z162 


CLF ae 3 INIT TEST REG. 
Po! #4096. .R3 s SET # OF STATES 


p> Sr ml hy ms Re 


Pao Ge f 


ade 
‘excihe’ 


= O21 SCOPE i DECLARE LOOF FOINT 
1 : Mio Rie. CRL> i SET BITS 

Mint CRio. Re i; GET BITS 

BIC #1 70HbR, Re i IGNORE SOME BITS 


Mm mM @ & m & 


eS 


f+ 
1 


- 
in 
ci 
mi 
fv 
} 
p> 
ha ¢ 
mt 
- 
ps 
ef 
m1 
ic 


i mc 
fy i) is 


mC: Re. Re s TEST BITS 
BEt re 2 * HO ERROR - SKIF 


ed S| SS oh oa oe os oh a ae oh Os ef oo os i oo oh oe i of oo oi oo do co i os i ds a ot: 
ae : FREOFR CODE 12 - BIT ERROR. DMWCR 

shakes asso ab ababoab aba akcabcak asics ob ok aca ab ok akcab ako aboake ab aboakoobc ab aka ak abot basa a 
Hes Les ERR CIF: Le. REG 3 REPORT ERROR 
ae: IHC Fein 3 HEST STATE 


aS 
Eo AF PELS SOE: R=. 4¢ i; LOOF UNTIL DONE 
| EH: EXIT 


SE ies ee ee 


bl fa Po Pa Poa ft Po Po 


-. 


‘ona 


Bi sadiiesnioan lige oncanics acinegstal aie! benassi Oras mais bid ie th atte pein sine AEE ttt r ‘ sGiatsths Saibaba! des Boditac olay Mw eeetia! ny ra Boars nema tat ae Lie dae = dens oa een Stl see cts hana Gebel fee Riis AS ceotaks Sea otnaarde Hed ae ie ig 3 te Ge pM a ease ay, OWE pag, of 
TTP Fe wk IIMA SO ho. tee Pe Lo 


DTAree 
TEST 0 


LO co =) oh on et fa 


CHECK 


Beli 5e. 
BeSLES 
Bos Lest 
HS Lee 
ABST Pe 
HSL Pre 


‘wus’ 
mt 


“J 


Ty 


1 tt 

1 

ha fe 

he So oo ld oe 


=, 
on’ 
ques. 
cond 


i" 
3 
ru 


“yr, 
woke 


| Pad med 
ss Pe oe 


i Me ma ms 
Po bal 


C58, 05. StS. US. One, 


JP oe hab by 


ane, .o8e. one am, aoe 
ena” “ene” “eee” “eos 


same 
13 
a 
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‘eels 
ia 
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é 


.SBETTL TEST 7: 
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DMCAR BITS : py 


aS 


CHECK DMCAR BITS 
THIS TEST CHECKS ALL LEGAL COMBINATIONS OF BITS 


IN THE OMCAR COMA CURRENT ADDRESS REGISTER?. 


TEST?: 


1: 


TEST  BITG SHR 
BEG - ct 

Moy GHBASE, RA 
ADD #6. RA 
CLR Re 

racy! #32765. » RE 


SCOPE 
ron 
roy 
BIC 


Ria. ORL 
CRLi>. Re 
#1. Re 


AO Ric. Re 


BER am 3 


ERROR CODE 1: - BIT ERROR. 


‘ae ‘we sy i 


DMA PRESENT? 
HO - SKIP TEST 
GET ADDRESS 


ADIUST 


INIT TEST REG. 
SET # OF STATES 


PECLARE LOOF POINT 
SET BITS 

GET BITS 

IGNORE BIT & 


TEST BITS 
HO ERROR - SKIF 


Ses sos topes chs bes cos sds cofec ces sds seis cbs shes copes cobs ses cafes tes ces sobs sabes nefes sabes sas ceca oops cafes cabs cds cehes sas ces ces cas ps cabs ods 2s cs op ob op bs os ss : 


DMCAR 


oes ses fos sefes sb tofes cafes sles sefes cas eds cos ces chs cops obs fe fe fis ces ch cs cd: og ob hs os ob cs op: : Sos eps sobs cbs ods chs op cops oe os ob cs cs ob ch oh. ps od. 


ERROR 13. REG 


ADL #2. Re 


SOE 
EXIT 


. 
é 


3 


REPORT ERROR 
HET STATE 


LOOrF UNTIL OOWE 


he § og Rok a ea, Beamer 


PEST 16: HIGH BYTE TRIGGERING 


. .SBETTL TEST 16: HIGH BYTE TRIGGERING 


cs i THIS TEST VERIFIES THAT LOADING THE HIGH BYTE OF 
4 i; ADCSE TRIGGERS A CONVERSION ANG THAT THE AYO DONE 
a ; BIT IS CLEARED WHEN DATA IS FREAD. 

E 


 TESTAG: TEST 1476, SHR ; A/D PRESENT? 
144 BEC S$ ; NO - SKIF TEST 
rite GHEASE, RA ; GET ADDRESS 


= 
mio on 
SG 
Ne ae? 
‘soaks 
‘ae 
af ist 


=, 

=! 
we 

rT! 


~j Mei.) ii) Ga il 


age, 
4! U3! 
1 


CLR: CR1o i CLEAR ADCSR 
Mo GHDELAY,. Re 3s WAIT 


fa po 
I ae 
mm i) 
ma mm 
ee 
fa 
lal L-! 
fe ft 
mi me 
“Jie 


1% 
hop E 
PRoe he 


“Te, 
. 
‘cl 


! 


Gio] © on =) 


: 1¢: a Ri. 1 
i¢ BHSS4e SCORE 3 DECLARE LOOP POINT 
Sets ALELEE Pia 2ekiLo. Ra i READ DATA 


= 
tJ 
mi 
ea 
fy 
fb 
Bs 
ft 
KY) 
x 


jus 
if 
mi 
me 
fa f 
fe 
$s. 
fs 
m= 
= 
iT; 
= 
im 
| 


so Lert TSTE cris i DONE BIT CLEAR’? 
eae Lane BFL a $ ; YES - SKIF ERROR 
1: bon) : i Ses es ses toes sees Sebs copes saps os cafes ses sees bs cas ses cofes cd ces cas cabs cops cafes cabs ces ces os ch ces cs os A oe os oe ps cb op: os os ob: ps Ro: oh. oh: ob oh: 


4 ERROR CODE 14 - AD DONE BIT NOT CLEARED 
ae AFTER AAD DATA WAS READ 


ed BB a cbc gh ook ci cds oes a cg ci cb cos cab oo pico oes od oe nb cg oa eb gp ot ds ee oe ic a ob cs of: 


28 BSS ERROR 44 ; REPORT ERROR 


TEST 40: 


1 
2 


WONAU WwW 


. 
fe Ie 


Po haf fo fa fe 


fr tyr to J chy 


& ee ee Sea? tewes these 


. BBS Fe S Ms Some? 


“See cane” Sam® Soars See? 


“HIGH "BYTE TRIGGERING 


GHBS266 


GBa2272 


BRz2F4 
GG2276 


HOLS 


AAZzEOz 
ea2zH4 


Ga2716 
G@a2z12 


112761 
SPSS 1S) ST) 
BeooG1 
B157 00 
HoaBS4eé, 
ar rool 
a WS be as Be 
166461 


BLE Loe 
eT 1 TSS] 
{eSrid 
{BeEGat 


2: SCOPE 


MOVE: 


Moly 


tal 
in 


SOE 
TSTE 
Er 


re er eT ey ee 


#6, 1¢°R19 


GHDOELA'T. R& 


Ra, S$ 
CRA 
4¢ 


hese * 


F) 


* 
r) 


* 
é 


ee ee ee eee 


DECLARE LOOP FOINT 
LOAD HIGH BYTE. ADCS 


WMAIT 


DONE BIT SET? 
YES - SKIF ERROR 


3 SR A A A an A AE AEE AE EE EE ER oR a a a a oo at ob oo 


3 ERROR CODE 15 


- AD DONE BIT NOT SET 


BM dc ok a oe oo a oe EE EE RR EE EE ot oA ah tb a he at oP 


ERROR 


SCOPE 
Wie 


TESTE 
BFL 


1s 


ecko. Re 


CRA 
aes 


é 


REFORT ERROR 


DECLARE LOOP POINT 
READ A’D DATA 


DONE BIT CLEAR? 
YES - SKIF ERROR 


3 sobs sas cofes cs cs sp cof cee ces seis os sds ops cos cas cebis sc  cob ca cde ds coc coh od obs ccc os os od ds es i hd cds es ods 


ERROR 


we | Es IT 


ERROR CODE 16 


fie Fl [i 


RFTER AD 


Le. 


DONE BIT WOT CLEARED 


é 


DATA WAS READ 


se os te cos cs cof cos co ss si ss ss cd cbc cb cds cic ccs cic ob ci cs ci ce coh cds ce i coe soo ses cs ch ch cs cds cs ep os es os oo: 


REPORT ERROR 


wom nag gala ae cu hoagie a 
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G 0m 


foe 
f= 


Ladupaptbpagidi didi tyeie ite wire RSM paid a ECS pala ate tint sue el be att : 
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i HGbE {to 


sb a 


T TRIGGERIN 


i Re Loi 


A’D START BI 
.SBTTL TEST 11: Ae’D START BIT TRIGGERING 
i THIS TEST VERIFIES THAT THE AD STREET BIT OF THE 


i AOCSE TRIGGERS A CONVERSION AND THAT THE AD DONE 
a BIT IS CLEAREC WHEN DATA IS READ. 


“moh LIP 


GA2E20 TESTA1: TEST 178, SHR: ; ACD PRESENT? 
@G2z226 wG14z2 BEG S$ ; NO - SKIP, TEST 
@G2330 G1z7G4 MOY GHBASE. RA ; GET ADDRESS 
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me 
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MN 
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OW2s356 4 


CLE CR > ; CLEAR ADCSR 
SH#DELAY, RE 3 WAIT 


“je mi 
“J Ti iJ on 
mm cn ye 
if 
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2 


1¢: SOB Rade | 
oad SCOPE ; DECLARE LOOP POINT 
S46 416 2CRL 2, Re ; READ DATA 


sacks 


ho ft 
Lal 
fs 
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— 


a es 3; DOHWE BIT CLEAR? 
BRL ae: 3 i YES - SKIP ERROR 


Ri mt 
Be p 
+ 

Lf} 1 

~~ 

Mm 


: Ss Sos ods Sefes sas cs safes ces ces ces cas sds safes spc ces sofes cas ces np oes ces ps cs ces cos sis eps sees ces oes os cos cs os cs hs es ns os es ds ob sb 
ERROR CODE if -—- A“D DONE BIT NOT CLEARED 
AFTER AAO DATA WAS READ 
Soe as ces sos cos cs cab cos cos cops che cfs cops ces fe ses ss copes ces cd ces cas cfs cefes sas gis ses cas cafes os scabs chs ces oe ods ce os gs cs ops ss bs cds pM fe od: 
EF Fir ir i REPORT ERROR 
SCOPE i DECLARE LOOF FOINT 


IHICE a oe i SET AAD START BIT 
ri BEDELAY. FRE i WAIT 


et td 


gre, 
‘ondle 


1 
fa [a [ea fa 


jo 
m1 
it 
ft 


mi Mm Me me 
mt 

T i 11 ON 

fs. fx i Ty 
ft 
dy 
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bel fel dnl bel 
ey 
1 f 
He | 


a se, 
* 


mi cy 


bi 


ri 
Ne meee 
‘onal 


BRE & 
mi J 


SOE iit. F 
TETE a os i; DONE BIT SET? 
Eri I 4s i; WES - SKIF ERROR 
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i 
fs my f. ir 
b= fe fb iT) 
tel 
it 


1 
mio 7] 


a ia ie 
fi. ~J Mt 


mi me mt 
ot 
a Po Po 
fe fa 
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mr! 
a 
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wool, 
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‘ouehe 


ope ce sc i cps + Sos oes ses sofes sop ses copes cc cos sg ses ses gs coc ches tabs ces cs cs eb ce nb os od hs ods op os ods obs ch cs bs pc cc: 
ERROR CODE 26 - A“D DONE BIT NOT SET 
pS OD oa Oden Oe OR OS OM OBS oes OSs OBS OY OMS OBS OSS ORS OY OS ORS OD OS Oy Os OS OBS Obs OO) Oo OS) OD Oey OSS OS Set OBS oo OS Oe OE Od +: A OS Obs oe oe Oe a, a 
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.SETTL TEST 16: DMA LOGIC 
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.SBTTL TEST 24: A’“D DATA DISPLAY UNDER DMA 
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.SBTTL TEST 27: D/A CALIBRATION 
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